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The production rate of good quality sinter is affected by significant variations in the properties of the raw input materials and in operating conditions.
In large production units the emphasis is on overall steadiness of the process and the sinter strand is driven at constant speed for long periods. In principle, the efficiency of the process can be improved by manipulating strand speed, but the control problem is coqplicated by the high order of time delay involved in the system. The paper presents a case for the application of multi-step prediction methods which can provide the operator with advance information on wastegas temperature variation and guide his action in adjusting strand speed.
IflDUCTION
Sintering is an Important process in the iron making industry.
The iron ore is mixed mainly with coke, flux, water and returned sinter fines to form the raw material which is loaded onto a continuously mo~ving strand to form a flat bed. The surface of the bed is ignited and, under the influence of a suction fan, a combustion zone is drawn downwards through the material, driving off the volatiles to produce clinker-like material called sinter.
The sinter product is crushed and sieved to form feed material for the blast-furnace. Modern blast-furnaces run on 50%-lOO% sinter.
The sintering process is subjected to multifarious disturbances in the form of fluctuations in operating conditions, as well as variations in the physical and chemical characteristics of the raw materials.
These greatly influence the on-strand process.
To ensure that the material is properly sintered by the time it reaches the end of the strand, proper adjustment of the strand speed is required.
If Fig.l . The raw-mix is loaded onto a moving grate, also called the sinter strand.
windboxes underneath the strand are connected to a wind-main and a large suction fan at the end of the wind-main draws air through the bed. The top surface of the bed becomes ignited as it passes under the ignition hood and the air drawn into the bed causes the combustion zone to work its way downwaLrds through the bed, driving off the volatiles and fusing the material to form sinter.
The exhaust gases pass into the windboxes and along the windmain to the fan and precipitator. In an ideally steady process,, the heat-wave leading the combustion zone reaches the bottom of the bed at the output end of the strand.
Because of variations in the physical and chemical characteristics of the raw-mix and in operating conditions, the vertical progression of the beat-wave through the bed varies and this needs to be countered by manipulating strand. speed. 
.. (4) Thus the k-step ahead prediction is reconstructed as the well-known self-tuning regulator problem. It is intended to determine the control iLnput 9(t+k/t) which would minimise the variance of the output of the process U(t). The The least squares k-step ahead predictor j(t+k/t) can be calculated from (5) and (6) .
k-Step Ahead Prediction (Ixplicit Method)
An alternative approach for the determination of the optimal k-step ahead predictor j"(t+k/t) is to use the indirect or implicit identification technique.
This method designs the predictor directly without the knowledge of the process parw ters.
Similar to the last case, the prediction problem works out to be the determination of the minimum variance control variable 9 (t+k/t) for the process (4) .
The solution is a two-tier procedure of estimation and prediction 13,51.
Ste .Est-imate the parameters PO''.4*'pn_l,q1.__, qnk-""'*"n'k-. l , '1 such that the equation error 6(t) is minimised in the moe, (7) and (8) This latter method involves running only n selftuning predictors in pa:rallel which can be extended further ahead into the future using (11).
Tlhe parameters of (11) can be easily identified in terms of the estimated parameters of (7). Assuming C(z-) = 1, it follows from (4), (6) and (7) respectively from self-tuning 1-step-ahead predictor (7), 131
Because of structural similarity with the selftuning regulator the above strate y y would yield optimal prediction also with C(zTh $ 1, 141. The multi-step predictor is optimal after the convergence of the parameters but practical results demonstrate that the prediction is soon quasioptimal, even before convergence is achieved. This signifies less sensitivity of the prediction exercise to the bias in the estimated parameters.
Control Asp2ct_s
In the present study, it is also intended to ascertain the best possible change in the input variable which could yield a desirable change in the output variable.
This calls for reformulation of (11) as
where y(t+k/t) is assumed to be the known tar?yetted output. This implies that the roots of B(zhave to be accommodated within the unit disc. The data used in this work were recorded direct from conventional analogue transducers, except for strand speed which was filtered to suppress the noise generated by the jerky motion of the pallet sections forming the strand.
Measurements of strand speed and waste-gas temperature were recorded at 2-minute intervals.
The operati-ng conditions were; strand speed open-loop, suction floating, hood-temperature control in operation.
Time-dea
The choice of proper time-delay is of great importance in the present context.
In the sintering process, due to the unknown influences on the process, it is very difficult to estimate the timedelay between the strand speed and the waste gas temperature.
As a conservative approach is advisable in ascertaining the time-delay, for the pres-ent investigation a delay of 8 minutes was assumend.
RESULTS AND DISCUSSION

Output Predictions
The on-strand process was modelled by a second order difference equation. An exponential -for-getting factor of 0.99 was used to track the slowly varying paraseters of the process. It was found that it is possible to predict the waste gas temperature within an accuracy of ±0.5%0 6 minutes in advance, Fig.2 , and within ±1.5 C 14 minutes in advance, Fig. 3 .
The normal value of waste gas temperature is of the order 140%0 and the fulllength run-time approximately 30 minutes. Fig.4 shows how the prediction information presented to the operator tallies with the actual output.
Robustness of Algorithm
It is corn practice to use the Kalman algorithm for updating of the covariance matrix in recursive least squares estimation (7) 
Use of Prediction for Control
At any samzpling instant, the desired control action to achieve a targetted output may be obtained from the inverse algorithm (12). Having determined this desired control action, the predicted change in waste-gas temperature several time-steps.ahead becomes available. Fig.6 shows, for a typical case, the predicted temperature with and without control action.
Visual presentation of this information to the plant operator allows him to weigh the advised action with his practical experience of the plant. As a result, the operator may wish to observe additional predictions for different control actions and to base his control decisions on the overall picture.
CONCLUSIONS
A self-tuning multi-step predictor for on-strand processing of sinter has been developed.
It has been shown that, in spite of the complex nonstationary nature of the process and the long system t-im-delays involved, waste-gas temperature can be accurately predicted several minutes ahead.
The way in which the predictor can be used to provide advice on strand speed control has been described. 
